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Abstract 
In this changing time of network technology, online shopping has become an 
indispensable of trading platform for many people. Previous study also found out 
good forecasting result from consumption behaviors of the general and the 
individual (including consumers of re-purchased rate and purchase amount), which 
established through activity probability. However the same data in different time 
points often caused instability of forecast accurate probability. This reason can be 
attributed by general parameters’ non-optimization, which leads to managers’ 
trouble in decision-making. Based on this, our study through the improved activity 
probability calculated, as well as normal distribution’s value simulated as the actual 
value by bootstrap method, to identify the most representative parameter to predict 
consumption behavior that represents the dataset for achieving the highest accuracy 
of forecast results for the use by enterprises. From simple examples, results tend to 
be stable and accurate, which is the best and also contributed to management 
decisions.  
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Introduction 
In the age of big data, data can be generated anywhere, whether it is an SMS or a transaction record, 
they are a set of data. How to effectively use of these data interests enterprises. The development of 
online shopping has innovated the traditional methods of shopping in physical store, hence online 
shopping plays a very important role naturally (Wang, 2000); consumers may find the products they 
want to buy by turning on the computer or mobile phone at hand to search keywords, hence the data 
is produced. 
Collection of data is not difficult for enterprises, but how enterprises convert these information into 
value and at the same time guarantees customer privacy is a concern (David, 1977); according to 
research of Hsiao et al., (2015a, 2015b), enterprise provides trading time and the trading amount to 
receive individual customer’s activity rate through calculation of a parameter group depicting general 
trading behavior. The so-called activity rate refers to the chances of re-consumption (Schmittlein et al., 
1987) of a customer in the future. Through a series of nonlinear function calculation, re-consumption 
times and re-consumption amount in near future can be foretasted. So-called forecast re-consumption 
times and the amount refer to future possible times of consumption and amount as well as validation 
data for comparing accurate rate is acceptable accuracy. 
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However, forecast results of each calculation may be different. Result may change because of selected 
different parameter group. Results may have good accuracy if selected parameter is good; if selected 
group is not appropriate for the data set, forecast results may not be ideal; or because default of each 
different stage days, results are led to be different. Each data set has most appropriate parameter 
group and stage days for it. How to set and improve this status will be a challenge. 
To improve this unstable status and find out the most appropriate parameter group as well as forecast 
true consumption behavior, this study will simulate the times of consumption based on normal 
distribution and calculate forecast value on available parameter group. Comparison of forecast value 
and actual value will be preceded, and then the most accurate forecast value can be regarded as 
representative future actual status, which can be used by companies in the future to know the low 
activity rate of some costumers and related solution while recognizing the high activity rate of some 
costumers and methods to retain them. Because the forecast value can select the most appropriate 
consumption behavior, it is for sure that the forecast result can meet the goal, and companies can use 
the result without concern. 
For the next part, this study will discuss contribution of previous research materials. In research 
methods, the approach of simulation of actual consumption times will be introduced. The research 
will produce simulation value through normal distribution and calculate accuracy and compare it with 
actual accuracy. The best parameter group to forecast consumption behavior will be selected, and 
research approaches through simple examples will be explained. In the conclusion, contribution of 
this study as well as the limitations and areas for improvement are described. 
Research Materials 
There are studies using literatures of Schmittlein et al. (1987) and Schmittlein et al.(1994) to extend 
the model for calculating the predicted consumer behavior, for example, Fader (2005), Chang (2014), 
Chang (2014) use this model for calculation of the maximum likelihood function to get the four 
required parameters in order to further predict the times of consumptions and consumption amount 
of customers, the accuracy of empirical results of these studies is about 50% or 60%. For extension of 
Hsiao et al. (2015a) in Schmittlein et al. (1987) and Schmittlein and Peterson (1994), through the 
empirical results accuracy rate will be increased to above 80%. This study intends to improve the 
study of Hsiao et al. (2015a; 2015b) for accuracy rate; the study ensures that the prediction results are 
good and reliable without the need to rely on validation data comparison in order to get more 
confidence of enterprise in the results. 
Parameters Calculation 
Based on the extension study of Hsiao et al. (2015a) for Schmittlein et al. and Schmittlein and 
Peterson (1994) for the prediction of activity rate prediction and times and amount of re-consumption, 
the record of customer consumption=( , ,X t T ) is known, X  is for times of re-consumption of 
consumers in the observation time [0, T ], t  is for the last time of consumption, and T  is for the total 
observation time. 
According to assumptions, the calculation of the parameters group ( , , , s   ), followed by the 
calculation of activity rate is performed according to parameters group, as well as to predict the times 
of repurchases and the amount. Due to page limitation, related calculation of parameters can be 
referred to the research of  Schmittlein et al.(1987) and Hsiao et al. (2015a). 
Research Approaches 
Data Input 
This model required input variables: the forecast stage N , the training data of ‘Current’ on the last 
day, each days ‘unit’, ‘Prediction data’ on the last day of Prediction date, whether validation 
information contained data set, and the data set file path to be analyzed; according to the data of 
customer transaction records ( , ,X t T ), as well as these input variables, the forecast analysis is 
possible. 
According to the data and variables, calculate all the available parameter groups (four parameters are 
all real numbers higher than zero), for each individual parameter, calculate all the customer forecast 
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and forecast the times of transactions and transaction amount, the calculation on accuracy and 
validation data for transactions and total transaction amount, the highest overall number of 
transactions accuracy are deemed as the best parameter group. 
Normal Distribution Simulation 
The average of each parameter group predicted the overall times of transactions is deemed as a 
normal distribution of the average variance; variance of the parameters were calculated as the average 
times of transactions refers to 2 , n  is the total number of customers during the training period, h  is 
a constant, through the normal distribution to calculate the variance, as 
2
2
2 2* 1 *( )
hVar
n h
 
    
, standard deviation from square root refers to the standard deviation 
of the normal distribution. 
Following up the study of Simar and Wilson (1998), 1000 data will converge to a stable result through 
random simulation of normal distribution, hence this model simulated 1000 data after taking the 
average; each parameter has its own average and the distribution of the calculated standard deviation. 
The parameters group will randomly generate 1000 data, and get the average number of transactions 
of a simulated value, then the average value will be multiplied by the total number of customers in the 
training period ‘n’ to get the overall simulation of the actual times of transactions. 
 Simulation Accuracy 
According to the number of transactions and the total number of transactions to simulate the actual 
welding parameters calculated by the overall prediction accuracy, we can calculate accuracy of the 
overall number of transactions =1- ( ( the overall simulation of the number of transactions subtracts 
overall forecast actual number of transaction) / overall simulation of the actual number of 
transactions ) , and we can finally get the highest accuracy of simulation and validation data 
calculated the highest accuracy rate for the same set of parameters, hence it can select the best set of 
parameter through the simulation accuracy. 
Illustrated Example 
Calculation of actual accuracy 
 Next, a simple example of a simulation will be used for processing (3 Customers), data are shown in 
Table 1.The number of forecast stage N =1, the last day of the training data current=2015/12/31, each 
unit=30 days, and the last day of the forecast data Prediction date=2016/1/31. 
ID Date Amount ID Date Amount ID Date Amount
1 2015/01/01 500 1 2015/06/15 1500 1 2016/01/31 1500
1 2015/01/09 500 1 2015/07/04 2000 2 2015/01/01 500
1 2015/02/08 1000 1 2015/09/06 5000 2 2015/01/09 500
1 2015/03/17 1000 1 2015/10/15 1500 2 2015/02/08 1000
1 2015/03/23 3000 1 2015/11/26 500 2 2015/03/17 1000
1 2015/04/13 1000 1 2015/12/31 2000 2 2016/01/03 500
1 2015/06/10 500 1 2016/01/18 1000 3 2015/01/05 1000
Table 1. All Data 
According to the steps of parameters calculation of Schmittlein et al.(1987), we select 1~ 6t t  to 
calculate the four parameters, and the following Table 2 is the solution of all feasible parameter sets. 
Set       s  1t 2t  3t  4t  5t 6t
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1 3.010778216 1.795239593 5.362618838 1.495401426 8 6 4 3 2 1
2 0.024283396 0.019192525 0.179513933 0.588071719 9 6 4 3 2 1
3 18.23342039 43.89382391 27.3318279 19.4187784 8 7 4 3 2 1
4 1.573954806 0.963501829 3.124627185 1.129541831 9 7 4 3 2 1
5 0.197581381 0.140020557 0.667212711 0.698522286 12 10 4 3 2 1
6 18.59934324 20.55957601 27.74750189 9.117724026 12 11 4 3 2 1
7 3.855371224 20.99856799 6.831995361 13.79829712 8 7 5 3 2 1
…
 …
 
…
 
…
 
…
 
…
 
438 0.682961555 42.250346 0.807928584 6.713072886 12 11 10 9 8 7
Table 2.  Feasible Parameter Group 
Table 3 shows the activity rate, the number of repurchases and the amount of repurchase for each 
customer for all feasible parameters. 
Repurchases Times Expected-dollar Activity Probability 
Set 
ID=1 ID=2 ID=3 ID=1 ID=2 ID=3 ID=1 ID=2 ID=3 
1 8.2552 0.0017 0.0002 13339.9719 1.6413 0.2260 1.0000 0.0004 0.0001 
2 9.1255 0.0623 0.0016 14746.4144 59.6273 2.2797 1.0000 0.0262 0.0108 
3 3.7753 0.7530 0.0219 6100.6238 720.5400 32.0916 1.0000 0.2586 0.0082 
4 8.6364 0.0051 0.0006 13956.0601 4.8723 0.8629 1.0000 0.0015 0.0003 
5 9.0377 0.0336 0.0033 14604.5030 32.1894 4.7984 1.0000 0.0129 0.0065 
6 4.7653 0.0001 0.0000 7700.5581 0.0597 0.0038 1.0000 0.0000 0.0000 
7 2.9060 0.0009 0.0000 4696.0159 0.8261 0.0283 1.0000 0.0006 0.0000 
…
 … 
…
 
…
 
…
 
…
 
…
 
…
 
…
 
…
 
438 6.1073 0.1449 0.0334 9869.1275 138.6572 49.0321 1.0000 0.0798 0.0812 
Table 3. The repurchase behavior calculated through each feasible parameter group 
According to the table above, each feasible parameter set calculated by the number and amount of 
prediction, we can calculate the accuracy of this parameter group, the overall accuracy of =1-ABS [(the 
number of the total number subtracts of actual forecast total number) / actual total number], accuracy 
of all parameters corresponding to the overall group number and the overall amount of accuracy.  
In calculation results, the 7th parameter group has the highest accuracy, whether the overall number 
of times or the total amount of accuracy, hence we consider that the 7th parameter group is the best 
parameter group.  
Calculation of Simulation Accuracy 
We must use the prediction of all customers’ number of repurchase average as the average value of 
normal distribution, and calculate the variance. All the number of repurchases average number is 2 , 
n  refers to the number of customers, h =0.14, VAR = 0.766976 the result of calculation of the square 
root as the standard normal distribution as Table 4. 
Set Times Amount Set Times Amount Set Times Amount 
1 8.25704662 2.752348873 2 9.189392979 3.063130993 3 4.550114965 1.516704988
4 8.642111326 2.880703775 5 9.074617907 3.024872636 6 4.765402838 1.588467613
7 2.906919025 0.968973008 … … … … … …
… …. … … … … 438 6.28564562 2.095215207
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Table 4. Mean and standard deviation of the number of transactions in each group 
The calculated mean value and standard deviation are used to simulate the 1000 transaction times, 
and then the average value of the 1000 times of each group is simulated as its average value. 
Set 1 2 3 4 5 6 … 1000 Means 
1 1.428408 2.114599 -0.16355 2.271073 0.305052 0.547885 … 0.999842 1.145391256
2 2.270678 0.68076 -0.52449 1.339485 -0.19418 0.308123 … 1.743872 0.781666485
3 -0.37503 1.884839 3.204097 0.399666 -0.35271 1.565381 … 0.073342 0.95140013
4 1.632906 1.399916 1.713996 1.31715 0.886994 0.177781 … 1.497876 1.198060192
5 1.17373 0.165344 1.128267 0.871386 1.79476 1.430151 … 1.302912 1.146335852
6 0.140605 1.395317 0.385967 0.923263 0.968972 1.688081 … 0.669832 1.139011189
7 0.601196 0.366978 0.076713 0.758961 0.748097 1.68367 … 0.902643 1.1546523
…
 …
 
…
 
…
 
…
 
…
 
…
 
…
 
…
 
…
 
438 1.203206 -0.17192 1.358865 0.079642 0.456322 2.520465 … 0.59822 0.68837112
Table 5. Mean of the 1000 transaction times values of each group 
Finally, to calculate the overall simulation the number of repurchases, the average repurchase times 
according to the simulation is multiply on the training data of customer number; in order to make 
numerical simulation trading closer to the actual situation, we roughly simulate the overall number of 
repurchases to whole number to calculate the accuracy of each parameter, the overall number of 
transactions accurately simulation the rate of =1-ABS[(predicted the overall number of transactions - 
Simulation of overall number of transactions) / simulation overall number of transactions, as the 
Table 6. 
Set Predict the total number of transactions 
Simulate the total 
number of transactions
Accuracy of Simulation of the 
total number of transactions 
Ranking of 
Accuracy 
1 8.25704662 3 -75.23% 248
2 9.189392979 2 -259.47% 412
3 4.550114965 3 48.33% 23
4 8.642111326 4 -16.05% 154
5 9.074617907 3 -102.49% 283
6 4.765402838 3 41.15% 34
7 2.906919025 3 96.90% 1
…
 …
 
…
 
…
 
…
 
438 6.28564562 2 -114.28% 302
Table6.  Accuracy of Simulation of the total number of transactions of each parameter group 
The overall number of transactions according to the simulation accuracy can be obtained and the 
results of seventh groups of parameters is the optimal parameter group, the same group of selected 
parameter group for the accuracy of the actual verification, hence we can use simulated value to 
replace the actual verification value and select the best parameters to predict transaction. 
Conclusion 
In this study, Hsiao et al. (2015a) is further extended through the normal distribution to simulate the 
actual number of transactions, calculate the predicted accuracy of parameters of each group, select 
prediction results calculated by the optimal parameter group for use and increase stability and 
accuracy of prediction model. 
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This study has some limits. First, this study requires repurchase records of customer during training 
period. Following the study of Schmittlein et al. (1987), the mean of customer's repurchase amount 
will be replaced by the overall average repurchase amount if no further records of repurchase exist. 
Thus, this may lead to lower accuracy and reduce stability of prediction results. Hence the use of large 
data is recommended for analysis although this study uses small size data. Second, days for each stage 
are not the same, future research can probe into in different days to predict results. Third, if the 
optimal parameters and the optimal days can be selected, accuracy will increase and enterprises will 
have more confidence in using the prediction results. 
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